Introduction {#S0001}
============

Glioma is one of the most common and aggressive tumors in the brain,[@CIT0001] and 15,000--17,000 patients are newly diagnosed each year in the United States,[@CIT0002] causing a potential threat to the health of human beings. Glioma is generally divided into low-grade gliomas (LGG) and glioblastoma multiforme (GBM). GBM is the most aggressive subtype among gliomas, with a median overall survival (OS) of 12--16 months.[@CIT0003] LGG is less aggressive, and patients with LGG possess highly diverse clinical outcomes.[@CIT0004] Hence, it is highly significant to precisely predict the prognosis of patients with LGG with novel and accessible biomarkers.

Epigenetics has become a research focus, and aberrant DNA methylation has been viewed as a hallmark of glioma.[@CIT0005]--[@CIT0008] Chen et al[@CIT0009] reported that patients with glioma with MGMT promoter methylation exhibited better progression-free survival (especially for patients receiving alkylating agents) than those with MGMT unmethylated promoters. Moreover, Feldheim et al[@CIT0010] pointed out that methylation of the MGMT promoter had been viewed as an independent prognostic factor in the treatment of glioma and was correlated with a better response to chemotherapy. Mathur et al proposed that the MGMT promoter methylation level could serve as a potential biomarker for treatment decisions by predicting hypermutation risk at recurrence in patients with LGG.[@CIT0011] Hence, identifying novel genes regulated by DNA promoter methylation will lead to better insights into the molecular mechanisms of LGG and will thus make great contributions to the discovery of novel biomarkers in the prediction of prognosis.

Apolipoprotein B (APOB) has long been of interest due to its close association with cardiovascular diseases.[@CIT0012]--[@CIT0014] However, recent studies have suggested that APOB also plays an important role in the occurrence and progression of various tumors, including hepatocellular carcinoma,[@CIT0015] kidney renal clear cell carcinoma,[@CIT0016] nonesophageal squamous cell carcinoma,[@CIT0017] and breast cancer.[@CIT0018] However, no study has specifically investigated the prognostic role of APOB in patients with glioma. Importantly, based on the bioinformatic analysis, we found that APOB mRNA expression was negatively regulated by DNA promoter methylation in patients with LGG. Whether APOB DNA methylation can affect the OS of patients with LGG is currently unknown. Thus, in this study, we initially characterized the association between APOB mRNA expression and DNA methylation. Then, we investigated the prognostic role of APOB mRNA, its DNA methylation and APOB mutation among patients with LGG in the TCGA database. Subsequently, we validated the prognostic role of APOB mRNA and its DNA methylation with the CGGA database. Finally, we compared the levels of serum APOB protein in patients with LGG and healthy individuals, investigated the diagnostic significance of serum APOB protein and explored the association between the levels of serum APOB protein and clinicopathological features.

Materials and Methods {#S0002}
=====================

Bioinformatic Analysis {#S0002-S2001}
----------------------

RNA-seq data and clinical information of TCGA-LGG were downloaded from UCSC Xena ([<https://xenabrowser.net/>]{.ul}),[@CIT0019] which is an online website to analyze data from the TCGA database. This database included 532 patients with LGG (diffuse LGG and intermediate-grade glioma, including WHO grades II and III[@CIT0020]) with complete RNA-seq information. Among LGG patients with available genomic data, 531 cases had intact OS information. Moreover, DNA methylation data of APOB (measured by 450K BeadChip) were obtained through the UCSC Xena website. The DNA methylation value of APOB was defined as the average value for all CpG sites in the APOB DNA promoter region. A total of 532 LGG tissues were measured by 450K BeadChip. The unit of DNA methylation measurement is β value ([[Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}), which is calculated by the intensity of methylation (M for signal A) and unmethylation (U for signal B) alleles, and the ratio of fluorescence signal β = max (m, 0)/\[max (M, 0) + max (U, 0) + 100\]. Therefore, the β value ranges from 0 (completely unmethylated) to 1 (completely methylated). Among them, 528 patients with glioma with APOB DNA methylation data had intact OS data.

To verify the prognostic role of APOB mRNA and DNA methylation, the CGGA database[@CIT0021] ([<http://www.cgga.org.cn/>]{.ul}) was also searched. The CGGA database is an easily accessible web application for data analysis to investigate brain tumors datasets more than 2000 specimens from Chinese cohorts (mainly from Beijing Tiantan Hospital). This database includes the mRNA sequencing (N=1018), DNA methylation (N=159), mRNA microarray (N=301), whole-exome sequencing (N=286) and microRNA microarray (N=198) and matched clinical information. A total of 605 patients with LGG with follow-up information and APOB mRNA data were included in this study. Additionally, 108 cases of patients with LGG with APOB methylation data were further applied to validate the clinical and prognostic significance of APOB methylation.

Collection of Serum APOB Protein in Patients with LGG {#S0002-S2002}
-----------------------------------------------------

The concentrations of serum APOB protein from 150 patients with LGG and 100 healthy individuals \[(1) no chronic disease or malignant tumor; (2) no acute infection; (3) no hyperlipemia\] were retrospectively collected from Hubei General Hospital from January 2016 to December 2019. All patients with glioma were definitively diagnosed by pathological examination combined with radiological findings (brain CT or MRI), and serum APOB protein levels were detected before surgical operation. APOB protein was detected via immunoturbidimetry in this hospital. In addition, other clinical information, such as age, gender, maximum tumor diameter (MTD), IDH1-mutation status, histological type and histological-molecular classification (oligodendroglioma, astrocytoma IDH-wt, astrocytoma IDH1-mutant), was also searched using the Electronic Medical Record (EMR). All participants involved in this study were required to provide written informed consent. This study protocol was verified and successfully approved by the Institutional Review Board of Hubei General Hospital (No. 2018-CK61).

Statistical Analysis {#S0002-S2003}
--------------------

All the data were analyzed using the SPSS 22.0 program (SPSS Inc., Chicago, IL, USA) or GraphPad Prism 5.0 (GraphPad Inc., La Jolla, CA, USA). Patients with LGG were divided into low and high AOPB mRNA expression groups according to the median value of APOB mRNA. Similarly, LGG patients were divided into hypermethylation and hypomethylation groups based on the median value of APOB DNA methylation. The Kolmogorov--Smirnov (K-S) method was initially applied to determine the normality assumption of continuous variables. Independent t-tests were applied to examine the differences in APOB expression, DNA methylation, and APOB protein between groups. For three groups, analysis of variance (ANOVA) was employed to compare differences. The association between APOB mRNA expression along with DNA methylation and the clinicopathological features in patients with LGG was detected by the χ2 test or Fisher's exact test.[@CIT0022] Correlation analysis was conducted to evaluate the Pearson correlation coefficient between APOB mRNA expression and APOB DNA methylation level. The Log rank test was used to assess the significance of the difference between two survival curves. All the variables from TCGA-LGG dataset were selected for the univariate Cox analysis and variables with P\<0.05 were further selected for the multivariate Cox regression. Multivariate Cox regression was performed to explore the independent risk factors in the prognosis of patients with LGG. P \<0.05 at both tails was regarded as statistically significant.

Results {#S0003}
=======

APOB Expression is Negatively Regulated by DNA Methylation {#S0003-S2001}
----------------------------------------------------------

First, a comparable heatmap that included the sample type, APOB mRNA expression and APOB DNA methylation in TCGA-LGG was generated through the UCSC Xena website. As illustrated in [Figure 1](#F0001){ref-type="fig"}, APOB mRNA expression was negatively regulated by APOB DNA methylation (Pearson r=−0.355, P\<0.0001, [Figure 1B](#F0001){ref-type="fig"}). Moreover, we found that the levels of APOB mRNA were significantly higher in patients with primary LGG than in those with recurrent LGG \[3.305 ± 0.076 vs 2.265 ± 0.329 Log2(count+1), P=0.0082, [Figure 1C](#F0001){ref-type="fig"}\]. Furthermore, Pearson correlation analyses were also undertaken to investigate the associations between APOB mRNA expression and DNA methylation of the specific CpG sites ([[Table S1](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}). Both the heatmap and the correlation analyses revealed that APOB mRNA expression was negatively correlated with the nine CpG sites of APOB DNA methylation ([Figure 2A](#F0002){ref-type="fig"}). Additionally, nine CpG sites (\|Pearson r\|\>0.2) of APOB DNA hypermethylation were all well correlated with favorable OS in patients with LGG ([Figure 2B](#F0002){ref-type="fig"}).Figure 1The epigenetic mechanism underlying aberrant expression of APOB in low-grade glioma (LGG) revealed by bioinformatic analysis. (**A**) Heatmap of the association between expression of APOB mRNA and the methylation of APOB DNA CpG sites. (**B**) A negative correlation is observed between APOB mRNA and its DNA methylation (r=−0.355). (**C**) The levels of APOB mRNA are significantly higher in patients primary LGG than those with recurrent LGG (P=0.0082).Figure 2Correlation analysis of the relationship between APOB mRNA expression and methylation of APOB DNA CpG sites (**A**) and association between methylation of APOB DNA CpG sites and overall survival (OS) in patients with LGG (**B**) in TCGA database. (1) cg03350299; (2) cg16306978; (3) cg16723488; (4) cg24309555; (5) cg25071744; (6) cg25035485; (7) cg00673290; (8) cg25123895; (9) cg07636176.

Prognostic Significance of APOB and DNA Methylation in the TCGA Database {#S0003-S2002}
------------------------------------------------------------------------

We analyzed the association between APOB mRNA expression and clinicopathological features among 532 patients with LGG. Patients with LGG were divided into two groups by the median value of APOB mRNA expression. As revealed in [Table 1](#T0001){ref-type="table"}, we found that IDH1-mutation (P=0.001), cancer status (P=0.048), survival (P=0.001) and methylation status (P\<0.001) could significantly affect the expression levels of APOB mRNA. For the integrated histological-molecular classification, we noticed that the expression of APOB mRNA ([Figure 3A](#F0003){ref-type="fig"}) and APOB DNA methylation ([Figure 3B](#F0003){ref-type="fig"}) were quite different among patients with LGG with oligodendroglioma, IDH1-wildtype and IDH1-mutation. Then, Kaplan-Meier curves were plotted to explore the prognostic significance of APOB mRNA in 531 patients with LGG. As shown in [Figure 4A](#F0004){ref-type="fig"}, patients with low APOB mRNA expression possessed significantly more favorable OS than those with high APOB mRNA expression (HR=0.637, 95% CI=0.456--0.892, P=0.0085). Moreover, this strong association also existed in patients with LGG with WHO III ([Figure 4D](#F0004){ref-type="fig"}), IDH1-wildtype ([Figure 4G](#F0004){ref-type="fig"}) and IDH1-mutation ([Figure 4H](#F0004){ref-type="fig"}), while no association existed in patients with WHO II ([Figure 4C](#F0004){ref-type="fig"}).Table 1Correlation Between APOB mRNA Expression/Methylation and Clinicopathologic Features of 532 Patients with LGG in TCGA DatabaseClinical FeaturesAPOB ExpressionP valueAPOB MethylationP valueLowHighLowHighAge≤501961780.0661722020.004\>5069899464GenderFemale1171240.5961271140.258Male148143139152RaceWhite/American2432480.4252422490.094Black/Africa american913166Asian6354Histological TypeAstrocytoma100970.50712671\<0.001Oligodendroglioma1049781120Mixed glioma61735975Family history of cancerYes59790.15573650.433No112110108114IDH1-mutationMutant68230.0012665\<0.001Wildtype1519277LateralityLeft137121131127Midline5234Right119143129133WHO gradeII1291320.828108153\<0.001III136134157113Cancer statusWith tumor1131400.0481341190.011Tumor free937869102KPS≤8010190.44815140.649\>8017221821Sample typepLGG2532610.1462532610.055rLGG126135RadiotherapyYes1381490.604159128\<0.001No898766110OSAlive214178\<0.001173219\<0.001Dead48889244MTD≤2cm711310.087931090.153\>2cm316127Seizure historyYes1501640.5121611530.652No93908895APOB mRNA expressionLow\-\--97168\<0.001High\--16998APOB\
MethylationLow97169\<0.001\-\--High16898\-\--[^2] Figure 3Differences in APOB mRNA expression and its DNA methylation among three histological-molecular types. (**A**) Patients with IDH1-wildtype astrocytoma possess highest levels of APOB mRNA, while the lowest expression is observed in oligodendroglioma. (**B**) Levels of APOB DNA methylation are highest in oligodendroglioma and lowest in IDH1-wildtype astrocytoma.Figure 4The prognostic significance of APOB as well as its methylation in patients with LGG from the TCGA database and subgroup analyses. Low levels of APOB mRNA (**A**) or its hypermethylation (**B**) predicts favorable OS in LGG patients. Subgroup analyses are performed stratified by WHO grade (**C**--**F**), IDH1-mutation and 1p19q (**G**--**J**).

Based on 532 cases of LGG with intact clinical information and APOB methylation data, the χ2 test or Fisher's exact test was applied to detect the correlation between APOB DNA methylation and clinical parameters. As exhibited in [Table 1](#T0001){ref-type="table"}, the APOB DNA methylation status was different when stratified by age (≤50 vs \>50, P=0.004), histological type (astrocytoma vs oligodendroglioma vs mixed glioma, P\<0.0001), IDH1 mutation (wildtype vs mutant, P\<0.001), WHO grade (II vs III, P\<0.001), cancer status (with tumor vs tumor free, P=0.011), radiotherapy (yes vs no, P\<0.001), survival (living vs dead, P\<0.001) and APOB mRNA (high vs low, P\<0.001). Then, the Log rank test of the OS curves ([Figure 5B](#F0005){ref-type="fig"}) showed that patients with APOB DNA hypermethylation were associated with more favorable OS than those with APOB DNA hypomethylation (HR=0.423, 95% CI=0.302--0.594, P=0.0185). When stratified by WHO grade and IDH1 mutation, we found that this trend still existed in WHO II ([Figure 4E](#F0004){ref-type="fig"}) and III ([Figure 4F](#F0004){ref-type="fig"}) groups, but disappeared in groups with IDH1-wildtype ([Figure 4I](#F0004){ref-type="fig"}) and IDH1 mutation ([Figure 4J](#F0004){ref-type="fig"}). Finally, Cox regression analyses were performed to identify the independent risk factors in the prognosis of patients with LGG ([Table 2](#T0002){ref-type="table"}), and the results revealed that hypermethylation of APOB was an independent prognostic factor among patients with LGG (HR=0.05, 95% CI=0.004--0.332, P=0.013).Table 2Cox Regression Analyses of Potential Risk Factors for OS in Patients with LGG from TCGA DatabaseUnivariate RegressionMultivariate RegressionP valueHR95% CIP valueHR95% CI**Age** (≤50 vs \>50)\<0.0013.5352.471--5.0570.4232.5530.257--25.343**Gender** (Female vs Male)0.4951.1260.801--1.582------**Race** White/American\
Black/Africa American\
Asian0.605----------0.3171.4770.688--3.170------0.9610.0030.001--606.14------**Histological** Astrocytoma0.009----0.585**Type** Oligodendroglioma0.0020.5460.370--0.8060.3110.2440.016--3.726Mixed0.1370.7160.461--1.1120.8410.8310.139--4.977**Laterality** Left0.343----------Midline0.1541.2900.909--1.832------Right0.6441.3210.405--4.307------**IDH1** (wildtype vs mutant)0.0010.1810.068--0.4850.7891.2450.250--6.207**KPS** (\>80 vs ≤80)0.3690.7410.386--1.425------**Radiotherapy** (Yes vs No)0.0010.4400.276--0.7010.4000.3800.040--3.620**Family history of cancer**(Yes vs No)0.0391.5751.023--2.4250.5391.9480.232--16.381**Grade** (III vs II)\<0.0013.2172.221--4.6590.0089.8763.154--22.758**Seizure history** (Yes vs No)0.5080.8880.624--1.263------**Cancer status** (With tumor vs without tumor)\<0.00124.0725.938--97.5850.93913.410.012--89.131**MTD** (\>2cm vs ≤2)0.7430.7890.191--3.259------**Sample type** (pLGG vs rLGG)0.7061.1040.592--2.058------**APOB mRNA** (High vs Low)0.0071.6271.144--2.3130.2864.8070.269--85.770**Methylation** (High vs Low)\<0.0010.4020.281--0.5770.0130.050.004--0.332[^3] Figure 5The prognostic role of APOB as well as its methylation in LGG patients from the CGGA database and subgroup analyses. Low expression (**A**) or hypermethylation (**B**) of APOB is associated with better OS in LGG patients. The association between low APOB mRNA and favorable OS existed in patients with WHO II group (**C**) and WHO III group (**D**), while not existed in I DH1-widetype (**E**) and mutation group (**F**), 1p19q non-codel (**G**) and codel groups (**H**).

Validation of the Prognostic Significance of APOB and DNA Methylation in the CGGA Database {#S0003-S2003}
------------------------------------------------------------------------------------------

To verify the results in the TCGA database, we further investigated the expression and prognostic role of APOB mRNA, as well as APOB DNA methylation, in the CGGA database. We analyzed the potential factors affecting the expression of APOB mRNA among 605 patients with LGG ([[Figure S2A](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}). LGG patients with IDH1-wildtype expressed more APOB mRNA than those with IDH1-mutant ([[Figure S2A5](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}). Moreover, we also studied the potential factors affecting APOB methylation status ([[Figure S2B](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}), and gender ([[Figure S2B1](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}) as well as WHO grade ([[Figure S2B4](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}) could significantly affect APOB DNA methylation.

To assess the prognostic significance of APOB for LGG in the CGGA, Kaplan-Meier analyses were applied to evaluate the association between APOB mRNA expression and the clinical survival data. As shown in [Figure 5A](#F0005){ref-type="fig"}, patients with LGG with low APOB mRNA levels possessed markedly better OS than those with high APOB mRNA levels (HR=0.609, 95% CI=0.477--0.779, P\<0.0001). We also determined that low expression of APOB mRNA was significantly correlated with relatively favorable OS both in patients with WHO II ([Figure 5C](#F0005){ref-type="fig"}) and WHO III ([Figure 5D](#F0005){ref-type="fig"}), while this association disappeared when stratified by IDH1 mutation ([Figure 5E](#F0005){ref-type="fig"} and [F](#F0005){ref-type="fig"}) and 1p19q ([Figure 5G](#F0005){ref-type="fig"} and [H](#F0005){ref-type="fig"}). Additionally, based on 99 patients with LGG with intact survival information along with APOB DNA methylation data, Kaplan--Meier survival analyses ([Figure 5B](#F0005){ref-type="fig"}) revealed that patients with APOB hypermethylation exhibited markedly better OS than those with APOB hypomethylation (HR=0.640, 95% CI=0.457--0.868, P\<0.0001). Due to the limited number of patients with LGG with methylation data, we could not further conduct survival analyses stratified by WHO grade, IDH1-mutation and 1p19q.

Association Between APOB Mutations and Prognosis in LGG Patients {#S0003-S2004}
----------------------------------------------------------------

The CbioPortal website[@CIT0023] ([<https://www.cbioportal.org/>]{.ul}) was searched to investigate APOB mutations in patients with LGG. As shown in [[Figure S3A](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}, the APOB mutation rate was 3.0% (N=16), and missense mutation was the most common type among patients with LGG. In addition, we further explored the association between APOB mutation status and prognosis. As exhibited in [[Figure S3B](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}, the log rank test shows that there was no significant difference in OS between patients with LGG without APOB mutations and those with APOB mutations (P=0.164).

Correlation Between Serum APOB Protein and Clinical Features {#S0003-S2005}
------------------------------------------------------------

A total of 150 patients with LGG from the Department of Neurosurgery and 100 healthy controls from the health examination center were retrospectively included in this study. A *t*-test was used to compare the difference in serum APOB protein between patients with LGG and healthy individuals, and the results showed that the levels of serum APOB protein were relatively higher in healthy individuals than in patients with LGG (0.869 ± 0.017 vs 0.788 ± 0.018 g/L, P=0.0022; [Figure 6A](#F0006){ref-type="fig"}). Next, ROC analysis was performed to evaluate the diagnostic significance of serum APOB to differentiate patients with LGG from healthy controls ([Figure 6B](#F0006){ref-type="fig"}). The predictive accuracy of serum APOB as reflected by area under curve (AUC) for identifying LGG from healthy controls was 0.645 (95% CI=0.577--0.712). With the optimal cutoff value of 0.815 g/L, the sensitivity and specificity of serum APOB in differentiating glioma from healthy controls were 61.33% and 72%, respectively. Furthermore, we also explored the association between serum APOB protein and clinicopathological characteristics among patients with LGG. As shown in [[Figure S4](https://www.dovepress.com/get_supplementary_file.php?f=257794.doc)]{.ul}, we observed that the levels of serum APOB were markedly different between oligodendroglioma and astrocytoma (P\<0.0001).Figure 6Difference in serum APOB protein between LGG patients and healthy controls, and ROC analysis. (**A**) Serum APOB protein levels are higher in healthy individuals than that in patients with LGG (P=0.0022). (**B**) Serum APOB protein shows an acceptable diagnostic performance for identifying LGG (AUC=0.645).

Discussion {#S0004}
==========

In the present study, we identified a novel gene (APOB) in LGG that is commonly suppressed by DNA CpG methylation. Then, our study revealed that both APOB mRNA and methylation were novel prognostic biomarkers in LGG through integrative database analysis. It is noteworthy that two large cohorts (532 patients with LGG from the TCGA database and 605 patients from the CGGA database) were incorporated into this analysis. Furthermore, we analyzed the differential expression of APOB at the protein level and found that serum APOB protein concentrations were much lower in patients with LGG than in healthy individuals. Taken together, APOB is downregulated by DNA methylation in LGG, and hypermethylation of APOB serves as an independent prognostic factor in patients with LGG.

Recent studies demonstrated that APOB was implicated in the progression and recurrence of some kinds of malignant tumors. A recent study reported[@CIT0018] that APOB was an independent risk factor for intraocular metastasis in patients with breast cancer, and APOB could be utilized as a serum biomarker to identify intraocular metastasis from non-intraocular metastasis. Besides, a comprehensive network analysis revealed that APOB might be a tumor suppressor gene, and aberrant expression of APOB was markedly associated with unfavorable clinical outcome in patients with liver cancer.[@CIT0015] Furthermore, the Cancer Genome Atlas Research Network analyzed 196 cases of liver cancer by DNA methylation and discovered that APOB was downregulated by DNA methylation.[@CIT0024] Currently, no related studies have specifically explored the role of APOB in glioma. To the best of our knowledge, this is the first study to discover the negative association between APOB mRNA expression and DNA CpG methylation in patients with LGG and systematically investigate the prognostic role of APOB mRNA, DNA methylation and APOB gene mutations in patients with LGG. In this study, we not only assessed the prognostic significance of APOB mRNA expression and DNA CpG methylation in the TCGA database but also further confirmed this prognostic significance with the CGGA database. Encouragingly, the results from both databases were almost consistent.

Aberrant DNA methylation leads to the abnormal expression of genes, one of the main factors in the occurrence and progression of glioma.[@CIT0025]--[@CIT0027] Our study revealed that the levels of APOB DNA methylation were higher in patients with oligodendroglioma than in those with IDH-wild type astrocytoma. Furthermore, Cox regression analysis demonstrated that APOB hypermethylation was an independent factor of relatively favorable survival in patients with LGG. The OS time of patients with glioma with APOB hypermethylation was significantly longer than that of patients with APOB hypomethylation, as reflected by Kaplan--Meier survival curves. In particular, APOB hypermethylation was markedly associated with better OS in patients with WHO grade II or III. However, this trend disappeared when stratified by IDH1-mutation, probably due to the small number of patients in the IDH1-wildtype group from the TCGA database. The clinical outcomes of LGG mainly depend on the aggressiveness of individual tumors. Quite a few patients experience tumor recurrence after radical surgery. Chemotherapy or radiotherapy after radical surgery may benefit patients with LGG,[@CIT0028],[@CIT0029] but their role is still fairly controversial. Hence, novel prognostic indicators may provide a more accurate risk assessment for patients with glioma, which could guide personalized treatment. Several studies[@CIT0030]--[@CIT0032] have reported that DNA promoter methylation could be used as a promising predictive biomarker in glioma. Our study suggests that APOB hypermethylation may serve as a novel prognostic indicator for patients with LGG.

APOB protein, encoded by the APOB gene, plays a critical role in the formation of lipoprotein complexes of low-density lipoprotein and high-density lipoprotein.[@CIT0033] APOB protein is an established risk factor for metabolic diseases and cardiovascular diseases.[@CIT0034] However, some researchers have begun to focus on the interplay between serum APOB protein and cancer. Li et al reported that the levels of serum APOB protein were significantly higher in post-chemotherapeutic patients with breast cancer than in prechemotherapeutic patients.[@CIT0035] Moreover, a population-based cohort study revealed that serum APOB protein was positively correlated with colorectal cancer and lung cancer among male patients and inversely associated with female breast cancer.[@CIT0036] Li et al[@CIT0037] conducted a retrospective clinical study incorporating 1044 patients with breast cancer and could not find any association between circulating APOB levels and OS. In addition, a recent study[@CIT0038] assessed the serum APOB protein in relation to clinical features and prognosis and found that high APOB levels were significantly associated with improved OS and cancer-specific survival in patients with colorectal cancer but were not statistically associated with TNM stage. In this study, we specifically explored the status of serum APOB protein in patients with LGG and normal individuals and associations with clinicopathological features. Our study demonstrated that the levels of APOB protein were significantly lower in patients with LGG than in normal controls, and the expression of APOB protein was significantly associated with histological type and histological-molecular classification. More importantly, this study revealed that the serum APOB concentration could identify LGG from healthy controls with acceptable diagnostic performance (AUC=0.645), indicating that circulating APOB protein might serve as a potential diagnostic biomarker for patients with LGG.

APOB protein is a dietary lipid transporter that plays a vital role in lipid metabolism.[@CIT0036],[@CIT0039] Recent studies have demonstrated that lipid metabolism reprogramming is implicated in the involvement of cell growth, angiogenesis, signal transduction and progression of several cancers,[@CIT0040],[@CIT0041] including glioma.[@CIT0042],[@CIT0043] Moreover, Chimienti et al[@CIT0044] reported that APOA inhibited the secretion of IL-6 by interfering with lipopolysaccharide signaling in a human astrocytoma cell line. Hashemi et al[@CIT0045] discovered that APOA1 was a key oncogene in malignant astrocytoma tumors due to its functional consequences in tumor growth, angiogenesis and migration. As described previously, APOB is mainly responsible for the transportation of lipids, and methylation of APOB leads to the accumulation of extracellular lipids. Extracellular lipid loading contributes to glioma angiogenesis mediated by the hypoxic paracrine signaling pathway.[@CIT0046] Based on the above studies, we can infer that APOB is a novel therapeutic target for the treatment of glioma from the perspective of lipid metabolism reprogramming.

However, there are two unavoidable limitations in our study. First, we could not determine the prognostic significance of serum APOB protein among 150 cases of patients with LGG because obtaining survival information of all the patients in the short run is not an easy task. Due to the limited number of normal brain tissues in both the TCGA and CGGA databases, we could not compare the difference in APOB mRNA or DNA methylation between LGG and normal brain tissues. Hence, in our future work, we will continue the inquiry about patient survival information and further investigate the potential biological role of APOB in LGG by a series of biomedical experiments.

Conclusion {#S0005}
==========

The expression of APOB protein is downregulated in patients with LGG compared with normal individuals. APOB mRNA expression is negatively regulated by DNA methylation. APOB mRNA and APOB DNA methylation play an essential role in the prognosis of patients with LGG. In addition, APOB hypomethylation is an independent risk factor for unfavorable survival in patients with LGG. Collectively, APOB methylation may serve as a novel and promising prognostic biomarker for patients with LGG.
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